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第 3 章では、石炭低温酸化の反応メカニズムを気相成分の視点から、第 2 章で作成したバッチ式試験
装置を用いた検討を行った。ここでは、酸化剤として同位体酸素 (18O2)を使用し低温酸化に伴うガス発
生挙動を追跡した。石炭を装填した試験装置に 18O2を導入し、雰囲気温度 40℃、60℃、80℃に 1 日〜
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Coke used in the steel industry is produced by coal carbonization in a coke oven. Coal is an abundant natural 
resource widely distributed in the world. However, high-grade coal usable for coke production (coking coal) is 
limited, accounting for approximately 10% of the world's total coal consumption. Against the backdrop of the 
recent rise in coal demand and an oligopoly by major natural resources companies, coking coal is affected by price 
fluctuations and hikes. Japan imports coking coal; it is increasingly difficult to ensure interests of coal resources 
through stable procurement. In order to ensure a more stable supply of coking coal, the steel industry has been 
developing technologies for using low rank coal (slightly caking coal) as coal for coke production. One of those 
technologies is a production process in which coal is used after drying. This technology has successfully increased 
the ratio of slightly caking coal usage from 10% to 50% while maintaining the drum index of coke. However, 
dried coal generates heat through reacting with atmospheric oxygen at normal temperatures; the generated heat is 
presumed to cause spontaneous combustion. To cope with this problem, various studies have been made on 
oxidation reactions that occur at temperatures as low as normal temperatures. According to those studies, 
non-caking coal tends to suffer oxidation due to ambient oxygen more easily to produce more heat. For the coke 
production process, coal on the order of several tens of thousand tons must be managed under appropriate storage 
conditions, whereas the ratio of slightly caking coal usage is expected to increase. Since dried slightly caking coal 
tends to ignite easily, it is strongly required to develop technologies for safely storing and managing coal 
containing slightly caking coal. We performed an oxidation reaction test on coal samples in small amounts and 
traced generated gas and structural changes occurring in the substrate, thereby presuming the reaction mechanism. 
We then performed an oxidation reaction test on coal samples in large amounts to identify the behavior of heat 
generation in coal in a laminate state. Our study was made with the purpose of showing a method for analyzing 
the exothermal characteristics of coal on the basis of the findings obtained through these tests. This paper 
describes our findings from the study. 
Chapter 1 summarizes the history of the coke production process, changes in the properties of coal used in the 
process, and the current situation of coal management in the steel industry, thereby clarifying issues to deal with in 
research and development and laying down the goal of the study. 
Chapter 2 describes the operating characteristics and test conditions of batch-type reactor determined in order to 
perform a low-temperature oxidation test on a small amount of coal in a closed system. Specifically, the test 
conditions were established in order to perform measurement on coal at a low temperature of 80C or lower to 
determine its oxygen consumption and the amount of generated gas. 
Chapter 3 describes an examination for identifying the reaction mechanism of low-temperature coal oxidation by 
analyzing gas-phase components with the batch-type reactor described in Chapter 2. The examination was 
performed to trace gas generation behavior in low-temperature oxidation by using an oxygen isotope (18O2) as an 
oxidizer. After being packed with coal and then charged with 18O2, the reactor was kept under ambient 
temperatures of 40C, 60C and 80C for one to four days, and the pressure decrease and amounts of produced 
CO and CO2 were measured. We thereby showed that the amount of oxygen consumed at low temperatures of 
60C or lower was markedly larger than that of oxygen released as CO and CO2, and that most of the carbon 
oxides produced in this process contained 16O. These results suggest the following two points: oxygen present in 
the gas phase is chemically adsorbed by coal, and the heat of adsorption generated in this process is a factor in 
leading to combustion due to low-temperature oxidation; the carbon oxides produced are derived from the 
chemical structures that contain oxygen originally present in coal. By showing the fact that oxygen oxides 
containing 18O were produced at 80C, we revealed that the oxidation reaction mechanism changes to allow 
oxygen molecules released into the gas phase to react with coal. 
Chapter 4 describes an examination that was performed to understand heat generation by coal oxidation at low 
temperatures by tracing the chemical and physical structural changes in coal due to low-temperature oxidation. 
The examination was performed on a sample obtained by subjecting coal in a packed state to 24-hour, 80C 
oxidation. We performed various types of measurements on the sample, revealing by X-ray diffraction and Raman 
spectroscopy that the carbon structure does not change in the sample and revealing by FTIR and solid state NMR 
that loss of aliphatic side chains and generation of hydroxyl groups occur in coal molecules. In coal oxidized in a 
packed state, a change in functional groups was observed. This change generally occurs at temperatures higher 
than the set temperature; we pointed out that there is a possibility that in oxidation of coal in this state, the 
temperature may increase to a level higher than the ambient temperature. 
Chapter 5 compares the impact of change in the mass of coal samples in a packed state on the behavior of heat 
generation by low-temperature oxidation. The comparison was made by using coal samples significantly different 
in mass scale (several grams, several kilograms and several hundred kilograms). We thereby revealed that an 
increase in the coal sample mass brings about a clear temperature rise even in oxidation performed at the same 
temperature. We also revealed that the temperature rising characteristic varies in the direction of the coal layer 
depth. By showing those results, we revealed change in oxidation behavior brought about by change in the coal 
sample mass, and described the importance of using a combination of these methods. Low-temperature oxidation 
occurring in coking coal for steel production is a very subtle reaction and generates only a trace amount of heat. 
We therefore concluded that to analyze thermal characteristics by detecting the heat of reaction, it is necessary to 
use a coal sample packed formed with consideration given to the coal sample mass corresponding to the actual 
process. 
Chapter 6 organizes the findings described in Chapters 2 to 5 and summarizes this study. These findings on 
low-temperature coal oxidation are very important; they will not only reduce risks in coal storage in the steel 
industry but also contribute to boosting the cost competitiveness brought about by an increase in slightly caking 
coal usage and the raising of the bargaining power on coal prices brought about by an increase in the types of 
usable coal. 
 
